Xylan is a major component of hemicellulose and contains substantial amounts of D-xylose (11) . The present study centered on two interrelated problems involving xylan. One was concerned with its conversion to ethanol. Currently the conversion with yeasts requires a two-step process: acid or enzyme hydrolysis of the polysaccharide into monosaccharides followed by bioconversion of the D-xylose into ethanol. However, acid hydrolysis often yields inhibitors such as furfural, while enzymatic hydrolysis usually employs xylanase preparations produced by organisms which differ from those used for the bioconversion of D-xylose to ethanol. Therefore, there might be an advantage if yeasts were available that could accomplish both hydrolysis of xylan and subsequent bioconversion of the monosaccharides to ethanol.
The second problem concerned the selective modification of pulp. To produce dissolving pulp from chemical pulp, residual xylan must be removed. Xylanases are of potential utility in this regard (9) . However, the xylanases should be free of cellulases so that the cellulose is left undamaged.
In present study we identified yeasts that were xylanolytic but not cellulolytic. Two of these organisms were also found to be able to convert xylan to ethanol with an appreciable yield.
MATERIALS AND METHODS
Microorganisms. More than 250 yeast strains from the culture collection of the National Research Council of Canada were screened. All showed positive or variable growth on D-xylose according to Barnett et istry, Slovak Academy of Sciences, Bratislava, Czechoslovakia. These strain numbers bear the prefix CCY (Table 1) . These organisms previously have been shown to exhibit xylanolytic activity (3) and in some instances cellulolytic activity as well (5, 14) . They were included in this study to provide controls for the screening procedure used to detect xylanolytic and cellulolytic activity and, in addition, to determine if they could produce ethanol from xylan and D-xylose.
Methodology used to screen for xylanase and cellulase activities. Screening was carried out by the method of Farkas et al. (6) , which depended on the use of xylan and hydroxyethyl-cellulose to which chromophoric residues have been linked covalently (2) . When Xylanase activity. Endo-1,4-p-xylanase activities were determined in cell-free media by a previously described method (2) . Cells were removed by centrifugation, and 0.1 ml of culture supernatant was added to 0.5 ml of 50 mM sodium acetate buffer (pH 5.0) containing 5 mg of larchwood xylan per ml. The reaction mixture was incubated at 300C for 1 to 7 h, as specified in Table 1 . The reducing sugar released was determined by using a modification of the Somogyi method as described by Nelson (8 clarification was D-xylose. A similar result was obThe activity varied considerably among the strains and was by thin-layer chromatography. The D-xylose content not detectable in some instances. The amount of cell-bound o the clarification procedure was 63%. A similar value activity was not determined. There was no obvious correlaported for the same batch of material: 64.8 ± 5.7% in tion between growth, ability to clear the beechwood xylan lependent study (13) . Results of that study also indimedium, and extracellular xylanase activity. the presence of about 13% uronic acid (13) .
Ethanol formation. P. stipitis CBS 5773 and CBS 5775 clarified larchwood xylan contained 80% D-xylose. stood out by forming 0.18 to 0.19% (wt/vol) ethanol on 1% 20% of the original material was lost during the unclarified larchwood xylan ( Table 1) . The other strains :ation procedure up to the point at which the sample accumulated one-quarter, or less than, this amount. The two een freeze-dried. Only negligible amounts were esti-P. stipitis strains also formed 0.18 to 0.19% ethanol on 1% to have been lost during the subsequent dissolution clarified larchwood xylan (data not shown). tration steps.
Aspects of xylan use and conversion to ethanol by P. stipitis beechwood xylan used was characterized previously CBS 5773 and CBS 5775. The growth rate of P. stipitis CBS taining a ratio of xylose to 4-O-methylglucuronic acid 5775 in 0.7% (wt/vol) D-xylose and in 1% (wt/vol) clarified with D-xylose representing 98% of the total neutral larchwood xylan were comparable (Fig. 1 ), as were those for (2) . The D-xylose content was found to be 67%.
CBS 5773 (data not shown). The similarity indicates that the D-xylose contents reported above are minimal values.
breakdown of larchwood xylan into readily usable monoresence of uronic acid resulted in the formation of mers of oligomers occurs at an appreciable rate. It is possible uronic acids on hydrolysis, which were not deterthat xylanolytic enzymes are rapidly induced or are present by the analytical methods employed in this study.
constitutively on the cell wall. sts that possess xylanase activity. Ten of the strains
In cell recycle experiments with P. stipitis CBS 5775, the led yielded a positive test for endo-1,4-p-xylanase concentration of ethanol from unclarified larchwood xylan y after 3 to 4 days of incubation. A strain of Pichia increased abruptly after the second cycle (Fig. 2) . The CBS 5773, which became available only after screenreason for this increase was not determined. In the course of th the colored xylan had been completed, was also the fourth and subsequent cycles, ethanol concentration increased with time, reaching a steady-state value after day 3 or 4. An example of the fourth cycle is shown in Fig. 3 . In the course of all cycles, free D-xylose was not detected in the medium and xylitol appeared in only trace amounts (<0.1%; wt/vol) at the times that ethanol was measured. The polymer was utilized incompletely during the third and later cycles, as shown by the D-xylose content after acid hydrolysis of cell-free media (Fig. 3) . Polymer utilization and ethanol accumulation leveled off at the same time.
The maximum concentration of ethanol found (0.2%; wt/vol) corresponds to a yield of about 60% of the theoretical yield. The calculation was based on the stoichiometry of 3 xylose --5 ethanol + 5CO2, and the total amount D-xylose that was present initially. The initial content of D-xylose was taken to correspond to that released by acid hydrolysis.
DISCUSSION
The ability to hydrolyze xylan is relatively rare among yeasts. Of more than 250 strains tested in the course of the present and a previous study (3) , only 19 were positive. Notably, the strains that tested positive were localized in relatively few genera or species. Most were in the genus Cryptococcus (5 species) or in the species P. stipitis or its anamorph C. shehatae. Such rare occurrences may be of value for taxonomic purposes.
The ability among yeasts to hydrolyze xylan was, in general, not coupled to cellulolytic activity. Only 3 of the 18 strains that tested positive also yielded a positive plate assay for cellulase activity. This situation contrasts with that in filamentous fungi in which cellulolytic and xylanolytic activities often occur together. The dissociation of the ability to break down the two polysaccharides might also find use in taxonomic studies. Moreover, yeasts that act only on xylan are of interest for the preparation of cellulase-free xylanases for the removal of xylan from chemical pulp. The strains that produce xylanase activity in the medium, as distinct from those in which the activity may be cell bound, would be of greater interest in this respect. The incomplete hydrolysis of beechwood xylan by P. stipitis and some of the other strains suggests that these organisms do not produce a full complement of enzymes necessary for hydrolysis of this material. The plate assay used for screening purposes identified organisms that produce endo-1,4-,B-xylanase, and it is known that several other hydrolytic enzymes are necessary for complete hydrolysis to the monomers (4). At present, little is known about yeast xylanolytic enzymes.
The identification of strains of P. stipitis that can, in a single vessel, hydrolyze xylan and convert the resulting monomers to ethanol is of particular interest, because the species includes some of the more rapid and efficient converters of D-xylose to ethanol (12) .
